Abstract: This paper addresses the effects of habitat fragmentation on the phyllostomid bats of the Atlantic rain forest in Brazil, by comparing community structure (species richness and capture frequency) and the frequency of three bat species sampled along 36 transects encompassing six habitat categories: interiors and edges of large (>1000 ha) and small fragments (<100 ha), and the surrounding matrix of second-growth forests and areas of shade cocoa plantation. Species composition, richness and total captures were not directly affected by forest size per se, although the frequency of one dominant forest species (Artibeus obscurus) was significantly lower in small fragments compared with larger ones. The high connectivity among forest patches in the study area and the ability of some species to use the surrounding matrix of secondary forests and shade cocoa plantations possibly precludes the insularization effect. Qualitative habitat changes induced by fragmentation, such as edge formation and forest regrowth affected bat community structure; both modified habitats comprised a limited subset of the species assemblage found in the interiors of mature forests. The results presented here provide evidence of impoverished bat assemblages in man-modified habitats linked with deforestation and overall disturbances related with forest fragmentation.
INTRODUCTION
The conversion of natural habitats into small and isolated remnants is thought to be a major cause of species extinction (Pimm & Raven 2000) and is currently an important force structuring natural communities (Whitmore 1997 ). An increasing effort has been made to understand the consequences of habitat fragmentation on many biological groups (Turner 1996) , particularly in tropical regions (Fahrig 2003 , Laurance & Bierregaard 1997 . From these studies, it is clear that species vary considerably in their response to fragmentation (Cosson et al. 1999a , Laurance et al. 2002 .
Bats comprise more than 1000 species worldwide and are especially diverse in the Neotropics, where in some regions they represent nearly half of all locally reported mammal species (Fleming et al. 1972 , Patterson et al. 2003 . Bats are also considered the most ecologically diverse group of mammals in Neotropical ecosystems, 1 Current address: Departamento de Ciências Biológicas, Universidade Estadual de Santa Cruz, Rodovia Ilhéus Itabuna, km 16, CEP 45650-000, Ilhéus, Bahia, Brazil. Email: deborah@uesc.br representing several distinct trophic groups including carnivores, insectivores, frugivores, nectarivores, piscivores and sanguinivores (Hill & Smith 1984) . Many bat species are responsible for the seed dispersal of many plant species (Charles-Dominique 1986) and the pollination of others that are components of pristine forests (Fleming 1988) .
Presently, the response of Neotropical bats to habitat fragmentation is not well understood. It has been demonstrated that bat communities tend to be less diverse and dominated by fewer species in more deforested habitats (Brosset et al. 1996 , Cosson et al. 1999b , Fenton et al. 1992 , Reis & Muller 1995 with some bat species being restricted to continuous and less-disturbed forest tracts, and thus, locally vulnerable to deforestation (Bernard & Fenton 2003 , Brosset et. al. 1996 , Cosson et al. 1999b , Estrada et al. 1993 , Fenton et al. 1992 , Kalko et al. 1999 , Schulze et al. 2000 , Stoner et al. 2002 . This pattern is of particular concern to bats in the family Phyllostomidae (subfamily Phyllostominae) which appears to be more sensitive to deforestation and overall levels of habitat disturbance (Fenton et al. 1992 , Medellin et al. 2000 .
However, the relationship between bat species richness and fragment size remains controversial, with studies showing either the absence (Estrada et al. 1993) or the existence of a positive relationship (Cosson et al. 1999b) , while others fail to show differences in bat species richness between continuous forested areas and fragments (Estrada et al. 1993 , Schulze et al. 2000 . Distances among isolated forest patches and species-specific use of modified habitats may play an important role in the structure of bat communities (Cosson et al. 1999b , Estrada et al. 1993 . In addition, landscape features such as patch size, forest cover and patch density were important attributes correlated to species and community-level response of phyllostomid bats in fragmented landscapes (Gorresen & Willig 2004) . Fragmentation is also known to influence the bat community dynamics in natural forest fragments (Aguirre et al. 2003) . Nevertheless, the extent to which bats respond to qualitative changes in habitats modified by fragmentation, such as their use of forest edge or the surrounding landscape matrix, has rarely been addressed for tropical regions (Estrada & Coates-Estrada 2001 , Estrada et al. 1993 , Medellín et al. 2000 .
In this study, the response of phyllostomid bats facing habitat fragmentation was investigated in northeastern Brazil. Phyllostomid species richness, capture frequency, species composition and species-specific abundance patterns were studied in six habitat categories representing the landscape mosaic of the area. These habitats included large and small patches of mature forests, and the surrounding matrix of second-growth vegetation and shade cocoa plantations (Theobroma cacao L. -Sterculiaceae). Three questions were addressed: (1) Are bats using the surrounding modified forest matrix? (2) Are bats affected by forest reduction, with differences in species richness and capture frequency between small and large forest fragments? (3) Are bats sensitive to qualitative disturbances caused by fragmentation such as edge formation?
METHODS

Study area
Study sites were located in the Una region, of southern Bahia, Brazil (15
• 17 S, 39
• 04 W; Figure 1 ). This region is one of the few remaining forest areas of the Atlantic Forest in north-eastern Brazil and is considered as a high-priority area for biodiversity due to high levels of endemism and species richness (Conservation International do Brasil et al. 2001) .
The dominant vegetation of the Una region is classified as Lowland Atlantic rain forest by Oliveira-Filho & Fontes (2000) , with a flora characterized by high levels of endemism (Thomas et al. 1998) . The mean annual temperature is 24
• C and the average rainfall is 1500 mm y −1 , with no defined seasonality, although a rainless period of 1-3 mo may occur from December to March (Mori et al. 1983) .
The European occupation in southern Bahia began about 500 y ago, although deforestation in the Una region has mainly taken place during the last 40 y with the establishment of the BR 101 highway, connecting the main cities of Brazil along the Atlantic coast. Along with several other aspects of regional economic development, this road opened the frontier for such intensive logging activities, and in 1994 satellite images revealed that only 34.8% of the original forest remained in Una. Timber exploitation is still a major threat to the forest, but squatters and cattle farms have also contributed to deforestation at a regional scale (Alves 1990 ). Presently, only 11 000 ha of forest are protected by federal law, all of which are located within the Una Biological Reserve, while the majority of the remaining forest is privately owned.
Experimental design
This study is part of a major project designed to investigate the comparative response of several biological groups faced with habitat fragmentation in the Una regionthe RestaUna Project. Satellite images, aerial surveys and photo interpretation were used to characterize the landscape of almost 15 000 ha of the Una region. The analysis showed that the fragmentation process in the Una region, although very intense, has not led to the complete isolation of most forest tracts, but rather, created a mosaic of varied habitat types. The largest proportion of the landscape (49%) analysed was covered by mature forests. Other land-cover types in order of the proportion covered included open areas (27%) comprising mainly pastures, secondary forests (15%), shade cocoa plantations (6%) and rubber tree plantations (2%) (Pardini 2004) .
Most mature forest patches are close to each other (maximum distance of only 480 m between two patches in the three sampling blocks) or connected by other modified forested land-cover types such as shade cocoa plantations, secondary vegetation or by narrow strips of mature forests. These mature forest patches are irregularly shaped, interdigitated with the modified matrix, having many constrictions with a high proportion of edge (contacts between mature forest and other modified habitat). This pattern characterizes a shredded landscape (Feinsinger 1994) where the proportion of edges rather than the isolation of patches seem to be the most striking feature related to the fragmentation process (Faria 2002) .
After the characterization of the Una landscape, six main habitat categories were selected for sampling (Figure 1) . These categories included: IL -interiors of large fragments of mature forests (>1000 ha), EL -edges of large fragments of mature forests (>1000 ha), ISinteriors of small fragments of mature forests (<100 ha), ES -edges of small fragments of mature forests (<100 ha), SF -secondary forests and SCP -shade cocoa plantations, under the management system locally known as cabruca. This latter habitat category represents a traditional crop system in which the forest is thinned as the cocoa shrubs replace the original forest understorey; less than 10% of the canopy trees are left for shade (Alves 1990) . Mature forest fragments (large and small) included either isolated patches or those connected by forest cover such as secondary forests, shade plantations or by narrow strips (<100 m wide) of mature forest. Secondary forests consisted of regrowth forest areas clear-cut less than 20 y ago. These regenerating areas were visibly shorter than the mature forests (usually not exceeding 10 m high), forming a single, thick forest stratum (Faria 2002) . Edges were classified as the boundary between forests and pastures; edge sampling sites were established inside the fragments and 20 m from the nearest pasture, while interior sampling locations were placed at least 100 m from the forest-pasture boundary.
These habitat categories were located within three replicate sampling blocks (6 × 6 km), each block comprising two replicates of each habitat category, totalling 36 selected sampling sites for the whole study. In each sampling site a transect was established. Each transect was created as a 100-m long, 1.5-m wide trail by partially clearing the vegetation from the ground up to 3 m height. The placement of the sampling transects followed, besides the criteria used to define each habitat category, logistical limitations including the access to the site (e.g. proximity of dirt roads) and the permission of landowners.
Sampling procedures
From September 1997 to August 2000, bats were mistnetted following a standardized sampling unit consisting of a set of eight, 2.5-m-high ground mist nets of length 12 m (2), 9 m (2) and 6 m (4), comprising a sampling area of 165 m 2 of nets. This sampling unit was placed along each 100-m transect for 5 h after sunset on four moonless, non-consecutive nights, with at least 1 mo between netting in the same transect. Total effort was calculated as the product of the sampling area (165 m 2 ), the number of sampling hours per night (5), the total number of transects (36) and number of netting nights per transect (4) (Straube & Bianconi 2002) , which amounted to 118 800 m 2 h of sampling. Nets were checked every 20-30 min and captured bats were kept inside cloth bags and released at the same location. Bats were assigned in the following feeding guilds: aerial insectivore, carnivore, frugivore, gleaning insectivore, nectarivore, omnivore and sanguinivore (Bonaccorso 1979 , Handley et al. 1991 , Kalko et al. 1996 . Bats were not tagged during the present study, and the number of captures probably includes recaptures. However, results from other studies have shown that recapture rates of Neotropical bats are low (Bernard & Fenton 2003 , Thomas & La Val 1988 and the capture frequency has been used as an index of abundance (Gorresen & Willig 2004) .
The use of ground mist nets as the sole sampling technique biases the overall picture of bat assemblages towards understorey phyllostomid bats, as this technique is well known to underestimate the occurrence and capture rates of most canopy phyllostomids (Kunz & Kurta 1988) . Therefore, it is important to consider that many species of Phyllostomidae (e.g. those that forage above the height of the ground mist nets, or are more prone to avoid nets in general) are under-represented in the present study.
Bat identification
Fifty-two specimens not positively identified in the field were collected, quickly killed by cervical dislocation, fixed in 10% formaldehyde and preserved in 70% ethanol. Bats were initially identified using the key of Vizotto & Taddei (1973) and specimens were then sent to Dr Valdir Taddei at the Laboratório de Chiropteros da UNESP de São José do Rio Preto for confirmation of the species identity. Additionally, some specimens were sent or taken to North American collections, both the American Museum of Natural History (AMNH, NY), and at the National Museum of Natural History (USNM, Washington, DC), for a second opinion on dubious specimens and to further confirm the identifications performed in Brazil. Vouchers are deposited in the Mammal Collection of the Universidade Estadual de Santa Cruz (UESC), Ilhéus, Bahia. Nomenclature follows Simmons (2005) .
Data analysis
A two-way ANOVA was used to test for species richness and capture frequency differences among the habitat categories, landscape blocks and possible interactions between these two factors (habitat categories and landscape blocks). Raw data for each transect included the total species richness and capture frequency (number of bats captured, possibly including recaptures) for the four sampling nights. For the species-level response, differences in bat capture frequency were only tested for the dominant species in order to meet the overall assumptions needed to perform parametric tests. Data were tested for normality (Kolmogorov-Smirnov test) and homogeneity of variances (Levene test). When required, data were rank-transformed, and differences were considered to be statistically significant at P < 0.05. Prior to the data analysis, five ANOVA comparisons (n treatments minus 1) were chosen by planning the orthogonal contrasts (Montgomery 2001) . This procedure allows the partitioning of the variance among contrasts, not increasing the type I error probabilities, a tendency inherent in multiple comparisons. However, shade cocoa plantations showed a strikingly different variance when compared with the remaining five other habitat categories for the mean species richness and capture frequency (see Table 2 ), so statistical comparisons including this habitat category were unnecessary. Therefore, although the general results included data from shade cocoa plantations, the orthogonal comparisons did not include this habitat category. The four remaining orthogonal comparisons (five remaining treatments minus 1) focused on the following three main questions considered in the current study:
(1) The use of the matrix component of the secondary forest: mature habitat categories (IL + EL + IS + ES) versus secondary forests (SF) (2) The effect of forest reduction (size of fragments):
interiors and edges of large fragments (IL + EL) versus interiors and edges of small fragments (IS + ES), and interiors of large fragments (IL) versus interiors of small fragments (IS) (3) The edge effect: interiors of small fragments (IL + IS) versus edges of large and small fragments (EL + ES).
Rarefaction curves were calculated for each habitat category with the package PAST (Hammer et al. 2001) , using the algorithm of Krebs (1989) and including standard errors.
RESULTS
General aspects
A total of 39 phyllostomid species from five subfamilies, were reported from 2556 captures during the 36-mo sampling period (Table 1) . Frugivores were the most frequent (2352 captures) and speciose group (17 species). From the total sample, Carollia perspicillata and Rhinophylla pumilio were the two most frequently captured bats with 938 and 673 captures each, followed by Artibeus obscurus with 293 captures. Together, these three species of frugivore bats accounted for nearly 74.5% of all captures (n = 1904). Hence, C. perspicillata and R. pumilio were widely distributed among all habitat categories, being recorded in all 36 transects. Pooled data showed that only five bat species (12.8%) were widespread, being observed in all six habitat categories: Artibeus cinereus, Artibeus lituratus, A. obscurus, C. perspicillata and R. pumilio. Twentytwo species (56.5%) were rare, with fewer than 10 captures per species. Among the rare species are the two carnivores and all the gleaning insectivores, both feeding guilds exclusively comprised members of the subfamily Phyllostominae.
Bats and habitat categories: the use of the matrix
Shade cocoa plantations showed significantly higher mean species richness, total captures and the capture frequency of the three dominant than the other five remaining habitat categories (Tables 1 and 2 ). Fifty-one per cent of all captures were obtained from shade cocoa plantation transects, rendering 34 species of bat. Only four rare species captured in mature forests, and one from secondary forests, were not sampled in shade plantations (Table 1 ). This result clearly shows that this component of the matrix harbours most of the species reported to occur in both mature and secondary stands, including the rare carnivores and insect-gleaning species (Table 1) . However, the potential of the two components of the matrix (secondary forests and shade plantations) for harbouring forest species contrasted sharply. Only seven species, from a total of 167 captures, were sampled in secondary forests and the results from two-way ANOVAs showed that the average species richness in secondary forest (SF), 4 (SD ± 1.9), was significantly lower than in mature forests (IL + EL + IS + ES = 6.37 ± 1.99) (twoway ANOVA, F = 4.97, P = 0.035). Six out of these seven species were also found in all four mature forest categories, but no Phyllostominae bats were observed in secondary forests. Mean capture frequency reported for the mature forest patches (45.2 ± 19.9) also tended to be higher than for the secondary forests (27.8 ± 14.8), although this difference was not statistically significant (F = 3.66, P = 0.068). Carollia perspicillata and R. pumilio were dominant species in mature and secondary forests. Two-way analysis of variance indicated non-significant differences in the capture frequencies of C. perspicillata (IL + EL + IS + ES = 16.3 ± 13.5, SF = 13.8 ± 13.4) and R. pumilio (IL + EL + IS + ES = 17.2 ± 11.7, SF = 10.2 ± 2.92) between mature and secondary forests (F = 0.18, P = 0.67 and F = 1.92, P = 0.171 for C. perspicillata and R. pumilio respectively). By contrast, A. obscurus was significantly more captured in the mature forests (5.77 ± 3.56) than in the secondary forests (0.66 ± 0.81; F = 11.4, P = 0.003).
Small and large fragments
Mean species richness did not differ statistically between large (IL + EL = 5.91 ± 1.16) and small forest fragments (IS + ES = 6.83 ± 2.55; F = 0.23, P = 0.631). Bat assemblages in small fragments included 21 different species, whereas 18 species were caught in all transects located in larger forests. Non-significant differences were also reported for total capture frequency between large (41.4 ± 13.6) and small fragments (48.9 ± 24.7; F = 0.81, P = 0.379) and, again, three frugivorous species, A. obscurus, C. perspicillata and R. pumilio were the most commonly captured bats. Artibeus obscurus showed a significantly lower mean capture frequency in small fragments (4.33 ± 2.38) compared with larger ones (7.26 ± 4.02; F = 4.53, P = 0.047), whereas a significant block effect was detected on the mean capture rate of C. perspicillata (F = 3.68, P = 0.045), which was more often observed in both large and small fragments located in the block 3, although no significant influence of patch size (F = 2.07, P = 0.167) or interaction between factors were reported for this species (F = 2.97, P = 0.077). Alternatively, it was not possible to separate the independent influence of patch size and landscape blocks on the mean capture frequency of R. pumilio, as a significant interaction between these two factors was reported to occur (F = 6.94, P = 0.006); R. pumilio showed a higher number of captures in the Comparison between interiors of large (IL) and small (IS) fragments did not reveal significant differences in species richness (IL = 6.16 ± 1.16, IS = 7.66 ± 3.01; F = 0.16, P = 0.703), overall capture frequency (IL = 45.5 ± 11.2, IS = 56.3 ± 29.1; F = 0.02, P = 0.880), and capture frequency of the three dominant species, C. perspicillata (IL = 13.5 ± 4.08, IS = 23.7 ± 22.3; F = 1.20, P = 0.315), R. pumilio (IL = 18.7 ± 12.9, IS = 19.5 ± 10.2; F = 0.026, P = 0.878) and A. obscurus (IL = 8.33 ± 5.16, IS = 4.55 ± 2.34; F = 2.60, P = 0.158). However, A. obscurus tended to be less frequent in interiors of small fragments than in large ones, with 27 and 50 captures in each habitat category respectively.
Edge effect
The two-way ANOVAS indicated non-significant differences between interiors (IL + IS) and edges (EL + ES) of large and small fragments for overall capture frequency (IL + IS = 50.9 ± 21.8, EL + ES = 36.4 ± 16.7; F = 1.93, P = 0.181) and the capture frequency of the three dominant species: C. perspicillata (IL + IS = 18.6 ± 16.2, EL + ES = 14 ± 10.3; F = 0.725, P = 0.406), R. pumilio (IL + IS = 19.1 ± 11.1, EL + ES = 15.3 ± 12.5; F = 0.554, P = 0.466) and A. obscurus (IL + IS = 6.41 ± 4.31, EL + ES = 5.16 ± 2.65; F = 0.738, P = 0.402). Similarly, no significant differences were reported for species richness (IL + IS = 6.91 ± 2.31, EL + ES = 5.83 ± 1.52; F = 1.619, P = 0.219). However, bat assemblages on forest edges (14 species) were a subset of those found in forest interiors (24 species), and only two species (one capture each) sampled on the edges were not reported from interior transects (Artibeus fimbriatus and Lophostoma silvicolum).
The overall patterns of species richness illustrated by rarefaction curves were consistent with the results from the statistical analysis. For a given number of captures, the expected species richness was highest in shade plantations, followed by interiors and edges of mature forests (both large and small fragments), with the secondary forests showing the lowest values of species richness (Figure 2 ).
DISCUSSION
Similar to other studies conducted in the Neotropics (Estrada et al. 1993 , Schulze et al. 2000 , in this study little evidence of fragment-size effects on bat species richness and capture frequency was found. Small and large fragments in Una showed similar species richness and bat capture frequency. In fact, bat assemblages in small mature stands also included species commonly associated with continuous and well-preserved forest, like the species belonging to the subfamily Phyllostominae (Fenton et al. 1992 , Medellín et al. 2000 .
Many bat species appear to persist in heavily fragmented landscapes whereas other biological groups may be more adversely influenced by fragmentation (Laurance et al. 2002 , Law & Dickman 1999 , Turner 1996 . Their ability to explore the mosaic of modified habitats in the matrix and to undertake long-distance movements are two potential key factors influencing the general resistance of bat communities to habitat fragmentation (Bernard & Fenton 2003 , Estrada & CoatesEstrada 2002 , Law & Dickman 1999 , Schulze et al. 2000 . In Una, 35 species, or 90% of the local bat assemblage, were reported in the modified habitats of the matrix. However, species reacted differently to the matrix components. Secondary forests were used as habitats only for a limited subset of bats, representing less than 20% of the total species reported. In contrast, only three of the species sampled in mature forests were not reported in the shade cocoa plantations, an agricultural habitat comprising a great variety of bat species (Estrada et al. 1993 , Faria & Baumgarten in press, Faria et al. 2006 . Shade cocoa plantations in southern Bahia are also known to harbour the forestdwelling species of many biological groups (Alves 1990 , Rambaldi & Oliveira 2003 , Schroth et al. 2004 , possibly due to the fact that shade crops retain vertical stratification, allowing a more complex habitat than deforested areas. The canopy trees that shade the cacao shrubs provide day roost for some bat species, a protective cover for flying bats and, together with the herbaceous plants, also offer food resources that attract frugivore and nectarivore bats (Faria & Baumgarten in press) . Secondary forests are even more complex habitats, with a richer and denser plant species community compared with shade plantations, also including pioneer plant species that attract frugivorous bats (D. Faria, unpubl. data) . It remains unclear as to why secondary forests showed so few captures and bat species richness compared with shade cocoa plantations. Certainly this differential use of the two matrix elements by bats may rely on qualitative changes in the forest structure as well as in the resource availability for bats. For instance, secondary forests are known to harbour a lower number of mature, tall trees (Faria 2002) , possibly resulting in a lower availability of hollow trees and other large tree cavities used as day roosts by many bat species. Together with other general features that characterize a highly disturbed forest (e.g. increased number of clearings, higher solar penetration), secondary forest may represent a suboptimal habitat for bats compared with the other habitat categories.
It has been shown that the isolation of remnants is an important factor influencing bat species richness in terrestrial landscapes (Estrada et al. 1993) . In addition to the presence of suitable habitats in the matrix, mature forest patches in Una are close to each other or connected by modified forest habitats. Furthermore, the short distance between the few isolated mature forest patches in Una probably does not exceed the potential flight distance of most bat species, as they commute long distances among different patches located within fragmented landscapes (Cosson et al. 1999b , Estrada & Coates-Estrada 2001 , Estrada et al. 1993 , Gorresen & Willig 2004 including those fragmented naturally (Bernard & Fenton 2003) .
The response of bats to fragmentation is variable among species (Cosson et al. 1999b , Estrada et al. 1993 , Fenton et al. 1992 , Schulze et al. 2000 . Although most bats show a high dispersal capability among landscape elements including open, disturbed and other man-modified habitats (Bernard & Fenton 2003) , the small Phyllostominae, insectivorous foliage-gleaning bats are morphologically constrained to undertake shortdistance flights (Belwood 1988) . Furthermore, these species have small home range sizes with feeding sites often located within mature forests, and thus, show greater vulnerability to forest disruption (Bernard & Fenton 2003 , Fenton et al. 1992 , Kalko et al. 1999 . Their apparent natural rarity severely limits any attempt to develop a precise understanding of their distribution pattern among the habitat categories in Una. However, their absence from secondary forest samples and the trend of interior sites (small and large mature forests) to show more species of these feeding guilds than edges is noteworthy. This result is in accordance to the general notion that more disturbed habitats tend to show a lower number of Phyllostominae species than those more preserved tracts (Fenton et al. 1992 , Schulze et al. 2000 . Cosson et al. (1999b) suggested that large-bodied frugivore species such as A. obscurus, which are highly abundant in mainland forests and canopy foraging habits, tend to be less sensitive to fragmentation, while other small, understorey frugivorous bats such as R. pumilio were less tolerant to habitat reduction and the isolation of islands. Alternatively, Schulze et al. (2000) reported that the most striking effect of fragmentation upon bats in a landscape of Guatemala, Central America, was a decreased proportion of large frugivores in small fragments compared with continuous forests, while the opposite was observed for the small frugivorous bats. Specific features of the landscape in Una region may partially explain the response of two small forest understorey frugivores, R. pumilio and C. perspicillata. The modified habitats surrounding the forest patches at Una provide physical connectivity among patches. Understorey frugivores species, including C. perspicillata and R. pumilio, were highly abundant in both early secondary forests and shade cocoa plantations, being the numerically dominant species. They forage on successional plant species from the genera Piper, Cecropia and Vismia. For these bat species, small and large fragments seem to be truly connected by a permeable matrix that provides reliable foraging areas. Differences in the capture frequency of C. perspicillata and R. pumilio in large and small fragments, however, were influenced by the location of the sampling block considered and by an interaction of the patch size and the landscape block, respectively. Therefore, a more detailed analysis on features of the local landscape may reveal important correlates influencing the capture frequency of these two species of small frugivore in the Una region.
Conversely, the low capture frequency of A. obscurus in early secondary forests in Una indicates that this habitat category is not frequently used by this frugivore species. Similarly to other large-bodied Artibeus species (Galetti & Morrelato 1994 , Handley et al. 1991 , Morrison 1978 , A. obscurus is known to feed heavily on canopy trees such as Ficus and other tall plant species characteristic of mature Neotropical forests. The lower capture frequency of A. obscurus in small fragments and its rarity in secondary forest are possibly due to differences in the temporal and spatial distribution, density and availability of fruit resources in these two habitat categories compared with larger forest tracts.
The strongest effect of forest fragmentation detected in Una appears to be the edge effect. In contrast to patch size, edge effects showed a strong negative effect on bat communities. The edges of mature forest stands harboured only a subset of the bat community found in mature forest interiors. Many studies have shown that the establishment of edges strongly influences community structure for a variety of taxa (Laurance et al. 2002) , including bats (Kalko 1998) . Nevertheless, the present study was the first one to demonstrate a decrease in bat species richness in forest edges. Changes in local microclimate (Kapos et al. 1997 , Williams-Linera 1990 , tree dynamics (Laurance et al. 1998) , seedling recruitment (Benitez-Malvido 1998) and forest structure (Laurance et al. 2001 , Malcolm 1994 , Williams-Linera 1990 qualitatively differentiate edges from interior habitats. Because of the non-linear relationship between perimeter and area and because edge effects are additive (Malcolm 1994) , small fragments usually suffer a more intensive edge effect than larger remnants.
Although the small fragments sampled in Una can be generally classified as vulnerable to the edge effect (irregularly shaped and smaller than 100 ha), it seems that the lower number of species detected on sites located at forest edges is related to specific habitat changes localized along narrow strips that do not penetrate further than 100 m into the forest. For instance, detailed analysis of forest structure undertaken along the sampling transects in Una revealed that edges from both small and large fragments tend to have a sparser canopy cover and denser understorey vegetation than interior transects (Faria 2002) . A denser understorey in edge sites implies a more cluttered habitat for flying bats, which may impose limits upon the flight manoeuvrability of some bat species. Changes in the quality and availability of food and roost resources on edges compared with the forest interior are also important features that might explain the differences in the bat community structure detected between the two habitat categories. Additionally, a buffer to edge effects may be provided in forest fragments by the secondary forests and shade plantations that entirely or partially surround some of the mature forest fragments sampled in this study. This would explain the similar species richness and capture frequency of interiors of large and small stands.
It was demonstrated here that bat species assemblages in forest edges and secondary forests comprise a limited number of the species pool reported in the interior forest stands. On the other hand, it is noteworthy that neither edges nor secondary forests showed a shift in community dominance toward species associated with open areas, such those of the genera Sturnira, Platyrrhinus and Uroderma, which were rare in Una. The apparent rarity of Sturnira lilium, a species considered a Solanum (Solanaceae) specialist (Marinho-Filho 1991) , in mature and secondary forests from Una may be partially explained by the scarcity of its main food resource in the local forests (E. Mariano-Neto unpubl. data). Species of Solanum are common in shade plantations (pers. obs.), which coincides with the increased representation of both S. lilium and S. tildae in shade crops. For similar reasons, other generalist species such as those from the genera Platyrrhinus and Uroderma may also find shade plantations suitable foraging areas (Faria & Baumgarten in press) .
Conservation remarks
An increasing number of studies have highlighted the importance of small fragments for the maintenance of diverse communities and the conservation of many species (Laurance & Bierregaard 1997 , Turner & Corlett 1996 , including bats (Estrada et al. 1993 , Gorresen & Willig 2004 . In the Una landscape, small fragments are also important elements of any conservation strategy designed for bats. Although larger forest patches may provide core habitats and metapopulation sources for bats, small fragments support the same species assemblage found in the largest remnants. The same result was also reported for other taxonomic groups investigated in the same sampling areas of Una region, such as frugivorous butterflies, frogs and lizards, birds and non-volant small mammals (Rambaldi & Oliveira 2003) .
The presence of large forest tracts, the existence of a matrix that includes a mosaic of modified habitats exploited by bats and the close proximity of forest patches to one another are key features of the Una landscape that help to maintain a rich bat assemblage in the region. These general patterns emphasize the possibility of the existence of a rich biological diversity within a mosaic of mature and managed forest. In a highly fragmented landscape in Mexico, the preservation of a constellation of forest tracts of different sizes and levels of disturbance, coupled with the presence of a mosaic of different manmade, agricultural vegetation, also allow the existence of a rich bat assemblage at the landscape scale (Estrada & Coates-Estrada 2001 , 2002 Estrada et al. 1993) .
Species loss in habitats qualitatively different from mature forests (edges and secondary stands), rather than a change in the species richness and abundance pattern related to patch size, was the most striking effect of fragmentation upon bat assemblages in the Una region. These more subtle changes in forest quality may represent an immediate, more important factor rather that the forest loss per se, to take into account in any conservation strategy considered for bats in this landscape.
